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bstract
Ultrasonic velocity measurements, density measurements and viscometric studies were conducted for the drug buspirone
ydrochloride (0.01–0.1 M) at three different concentrations (0.1, 0.05 and 0.025 M) at 298.15 K/1 atm. The buspirone hydrochlo-
ide was prepared in aqueous solutions of Cu(II) and Co(II) metal ion. The experimental data were used to determine acoustical
arameters, such as isentropic compressibility, intermolecular free length, specific acoustic impedance, relative association, free
olume, internal pressure, viscous relaxation time, Gibb’s free energy, attenuation coefficient, Rao’s constant, and Wada’s constant.
he viscosity data were analysed using the Jones–Dole equation, and the values of the Falkenhagen coefficient A  and Jones–Dole
-coefficient were calculated. The outcomes were expressed in terms of the molecular interactions and the variations in parameters
nder varying solute concentrations. Concluding remarks regarding intermolecular interactions are provided.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
eywords: Buspirone hydrochloride; Ultrasonic velocity; Density; Viscosity; Jones–Dole equation.  Introduction
Interactions of drugs with macromolecules are phys-
ologically important, especially in blood, membranes,
nd intra- and extra-cellular fluids. Most biochemical
rocesses occur in aqueous media, and most drugs
lso present in aqueous solutions [1,2]. Ultrasonic and∗ Corresponding author. Tel.: +91 9981427406.
E-mail address: kusmariya@gmail.com (B.S. Kusmariya).
eer review under responsibility of Taibah University.
ttp://dx.doi.org/10.1016/j.jtusci.2015.10.012
658-3655 © 2015 The Authors. Production and hosting by Elsevier B.V. on 
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).viscometric studies of organic, inorganic and bioactive
compounds are very useful for understanding the ionic,
hydrophilic and hydrophobic interactions in the aqueous
phase. They provide information about solute–solute
and solute–solvent interactions in the solution phase.
Such information can be helpful for predicting the
absorption of drugs and drug transport across bio-
logical membranes, and it is useful information for
pharmaceutical and medicinal chemistry [3–6].
Literature survey indicates that buspirone hydrochlo-
ride (Fig. 1) is a subject of interest due to itsbehalf of Taibah University. This is an open access article under the
pharmacological and medicinal uses as an anti-anxiety
agent. It has a high affinity for Serotonin (5-HT1A)
receptors [7–9]. However, there is no data available on its
interaction with aqueous solutions of metal ions such as
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time τ [ ]Fig. 1. Structure of buspirone (8-4[4-(4-pyrimidin-2-ylpiperazin-1-
ylbutyl]-8-azaspiro[4.5] decane-7,9-dione).
cobalt and copper chlorides. This prompted us to under-
take the present study. This study will help improve the
thermodynamic interpretation of molecular interactions
involving buspirone hydrochloride with aqueous metal
ion solutions. Data for pharmacophores may be quite
useful in interpreting the pharmacokinetics and pharma-
codyanics of several essential metal ions that are present
as electrolytes [10–12].
In this paper, densities, viscosities and ultrasonic
velocities of ternary systems of buspirone hydrochloride
drug (0.01–0.10 M) in aqueous cobalt chloride/copper
chloride (0.1, 0.05 and 0.025 M) were measured.
From the experimental data obtained, a number of
thermodynamic parameters were calculated: isentropic
compressibility, intermolecular free length, specific
acoustic impedance, relative association, free volume,
internal pressure, viscous relaxation time, Gibb’s free
energy, attenuation coefficient, Rao’s constant, Wada’s
constant, Falkenhagen coefficient A  and the Jones–Dole
or viscosity B-coefficient. These parameters were used
to study various interactions taking place in the aqueous
solutions of cobalt chloride/copper chloride and buspi-
rone hydrochloride.
2.  Experimental  methods
Buspirone hydrochloride (MW = 422.0 g/mol,
Sigma–Aldrich, Ltd.), cobalt chloride (CoCl2·6H2O,
MW = 237.63 g/mol, Fisher Scientific) and copper
chloride (CuCl2·2H2O, MW = 170.48 g/mol, Fisher
Scientific) were used to prepare the stock solutions.
The requisite amounts of metal salts were dissolved
in the required volumes of double distilled water to
prepare the 0.1, 0.05, and 0.025 M salt solutions.
All the materials and reagents were kept in special
air-tight bottles. Weight measurements were taken on
an electronic digital balance with 0.01 mg accuracy
(Digital Balance, Model: Dhona 100 DS). Ultrasonic
velocity measurements were collected by using an
ultrasonic interferometer (Model M-84, supplied by
M/S Mittal Enterprises, New Delhi), at 298.15 K with
±0.1 m s−1 accuracy. Density measurements of theity for Science 11 (2017) 101–109
liquid mixtures were collected by using a specific
gravity bottle with 25 cm3 volume, based on a relative
measurement method with ±0.01 kg m−3 accuracy.
The specific gravity bottle with the test mixture was
immersed in a thermostatic bath. Viscosity measure-
ments were collected using an Ostwald’s viscometer
with 3 × 10−6 N m−2 s accuracy. The temperature
around the viscometer was maintained within a range
of ±0.01 K in an electronically operated thermostatic
water bath. The instrument was calibrated with double
distilled deionised water at the desired temperatures
before taking the measurements. The flow times were
measured with a stopwatch with 0.1 s resolution, and the
average flow times were taken for each series of liquid
solutions.
3.  Theoretical  aspects
To understand molecular interactions and structural
changes, sound velocity and density data can be used
to describe various parameters. These parameters have
been computed using the following equations [13].
S. No. Parameters Formula Ref.
1 Isentropic
compressibil-
ity
Ks
Ks = 1u2×ρ [14]
2 Acoustic
impedance Z
Z = u × ρ [15]
3 Intermolecular
free length Lf
Lf = K × K1/2s [15]
K
{(93.875 + 0.375 T) × 10−8}
is a temperature dependent
constant
4 Relative
association RA
RA = ρρo .
(
u0
u
) 1
3 [15]
5 Free volume
Vf
Vf =
[
Meff .u
Kη
] 3
2
K is a temperature
independent constant
(K = 4.281 × 109)
[15]
6 Internal
pressure πi
πi = bRT
[
kη
u
] 1
2
[
ρ
2
3
M
7
6
eff
]
[16]
b is a constant representing a
cubic packing factor, which is
assumed to be 2 for liquids
7 Viscous
relaxation
τ = 43 Ksη [17]8 Gibb’s free
energy G
G = kT ln kTτ
h
[15]
9 Attenuation
coefficient α
α
f 2
= 8π2η3ρu2 [15]
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. No. Parameters Formula Ref.
0 Rao’ constant
R
Rm =
(
Meff
ρ
)
u
1
3 [15]
1 Wada’s
constant w
w = Meff .K
1
7
s
ρ
[15]
: ultrasonic velocity; ρ: density of mixture; η: viscosity; Meff: effec-
ive molecular weight of mixture (
∑
Mixi); R: the universal gas
onstant; T: the temperature in Kelvin; k: Boltzmann’s constant
1.38 × 10−23 J K−1); h: the Planck’s constant (6.63 × 10−34 J s); f:
he frequency of the ultrasonic wave.
.  Results  and  discussion
The densities, viscosities and ultrasonic velocities of
he aqueous Cu(II) and Co(II) metal ion solutions con-
aining buspirone hydrochloride as a third component
ere estimated at a temperature 298.15 K. The results
re shown in Table 1.
Various acoustical parameters, such as isentropic
ompressibility, Ks, intermolecular free length, Lf, spe-
ific acoustic impedance, Z, relative association, RA, free
olume, Vf, internal pressure,πi, viscous relaxation time,
able 1
easured value of ultrasonic velocity (u), density (ρ) and viscosity (η) of bus
rug con. (M) Metal(II) ion concentration (M)
0.1 M 0.05 M 
u ρ η u 
u(II) metal ion
 1548.2 1016.2 1.0160 1536.6 
.01 1556.2 1018.8 1.0422 1538.4 
.02 1558.6 1019.2 1.0584 1539.2 
.03 1559.4 1022.2 1.0596 1540.6 
.04 1559.6 1024.4 1.0730 1542.6 
.05 1561.4 1024.8 1.0988 1545.8 
.06 1564.2 1026.8 1.1412 1548.4 
.07 1565.6 1028.4 1.1482 1551.8 
.08 1567.4 1030.6 1.1612 1554.6 
.09 1570.4 1032.6 1.1894 1556.6 
.1 1574.2 1036.8 1.2458 1558.2 
o(II) metal ion
 1540.2 1016.6 0.9976 1528.2 
.01 1544.2 1019.4 1.0248 1532.8 
.02 1547.6 1021.6 1.0626 1533.6 
.03 1548.8 1024.2 1.0714 1535.8 
.04 1549.6 1025.8 1.0926 1536.6 
.05 1549.8 1027.4 1.1138 1538.6 
.06 1552.6 1028.2 1.1452 1539.0 
.07 1554.8 1030.8 1.1582 1540.8 
.08 1556.2 1032.8 1.1728 1542.6 
.09 1559.8 1033.8 1.1912 1544.2 
.1 1562.4 1035.6 1.2268 1546.4 
: m s−1; ρ: kg m−3; η: N s m−2.ity for Science 11 (2017) 101–109 103
τ  and Gibb’s free energy, G, attenuation coefficient,
α, Rao’s constant, Rm, and Wada’s constant, w, of the
copper chloride, cobalt chloride and their ternary mix-
tures with buspirone hydrochloride were determined at
298.15 K. The results are shown in Tables 2–4.
The u, ρ  and η  values increase as the concentra-
tion of buspirone hydrochloride increases in all of the
ternary systems of metal ions that were investigated
(Table 1). As concentration (M) increases, the medium
becomes denser (more packed) due to the increasing
number of molecules per unit volume. This causes the
compressibility to decrease, and thus the sound veloc-
ity increases. This is also supported by the fact that
the addition of solute to the solution is interpreted
as a structure maker, whereas the decrease in sound
velocity is an (existing) structure breaker [2]. Increas-
ing the number of molecules increases the fractional
resistance between the layers of medium, which causes
the viscosity coefficient to increase as a consequence
of associative molecular/ion interactions. The values of
ultrasonic velocity and their variation with molarities
are very similar in nature for all the mixtures under
study [18,19].
pirone with Cu(II) and Co(II) metal ion solution at 298.15 K.
0.025 M
ρ η u ρ η
1012.6 0.9542 1518.4 1006.8 0.8964
1016.2 0.9896 1522.4 1008.6 0.9616
1018.4 0.9956 1523.2 1009.6 0.9946
1019.6 1.0088 1525.8 1012.8 1.0182
1021.2 1.0312 1526.2 1015.2 1.0298
1022.4 1.0668 1526.8 1018.8 1.0418
1024.2 1.0910 1528.2 1020.6 1.0618
1026.4 1.1288 1530.6 1022.8 1.0898
1029.6 1.1564 1531.2 1024.6 1.0944
1032.8 1.1582 1532.8 1028.6 1.1148
1034.4 1.1696 1533.2 1028.8 1.1446
1010.8 0.9688 1508.4 1004.6 0.9426
1014.4 0.9980 1511.6 1008.4 1.0026
1016.8 1.0142 1512.6 1009.4 1.0154
1019.2 1.0472 1513.2 1012.2 1.0336
1020.2 1.0692 1516.6 1014.8 1.0467
1021.8 1.0812 1518.6 1015.2 1.0664
1023.8 1.1142 1520.8 1018.2 1.0746
1024.2 1.1540 1522.2 1018.8 1.0984
1026.8 1.1846 1524.8 1020.2 1.1014
1028.6 1.1988 1526.6 1022.6 1.1440
1030.4 1.1214 1528.8 1024.8 1.1788
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Table 2
Calculated values of isentropic compressibility, Ks, intermolecular free length, Lf, specific acoustic impedance, Z and relative association, RA for
the mixture of buspirone drug with Cu(II) and Co(II) metal ion solution at 298.15 K.
Drug con. (M) Metal(II) ion concentration (M)
0.1 M 0.05 M 0.025 M
ks Lf Z RA ks Lf Z RA ks Lf Z RA
Cu(II) metal ion
0 4.1055 0.4317 1.5732 1 4.1825 0.4358 1.5559 1 4.3080 0.4423 1.5287 1
0.01 4.0530 0.4290 1.5854 1.0008 4.1579 0.4345 1.5633 1.0031 4.2778 0.4407 1.5354 1.0009
0.02 4.0389 0.4282 1.5885 1.0007 4.1446 0.4338 1.5675 1.0051 4.2691 0.4403 1.5378 1.0017
0.03 4.0229 0.4274 1.5940 1.0034 4.1322 0.4331 1.5707 1.0060 4.2411 0.4388 1.5453 1.0043
0.04 4.0133 0.4269 1.5976 1.0056 4.1151 0.4322 1.5753 1.0071 4.2288 0.4382 1.5493 1.0066
0.05 4.0025 0.4263 1.6001 1.0056 4.0932 0.4311 1.5804 1.0076 4.2106 0.4372 1.5555 1.0100
0.06 3.9804 0.4251 1.6061 1.0069 4.0723 0.4300 1.5858 1.0088 4.1955 0.4364 1.5596 1.0115
0.07 3.9671 0.4244 1.6100 1.0082 4.0458 0.4286 1.5927 1.0103 4.1733 0.4353 1.5654 1.0131
0.08 3.9495 0.4235 1.6153 1.0100 4.0187 0.4271 1.6006 1.0128 4.1627 0.4347 1.5688 1.0148
0.09 3.9268 0.4222 1.6215 1.0113 3.9960 0.4259 1.6076 1.0155 4.1379 0.4334 1.5766 1.0184
0.1 3.8921 0.4204 1.6321 1.0146 3.9816 0.4252 1.6118 1.0167 4.1349 0.4333 1.5773 1.0185
Co(II) metal ion
0 4.1466 0.4339 1.5657 1 4.2361 0.4386 1.5447 1 4.3749 0.4457 1.5153 1
0.01 4.1138 0.4322 1.5741 1.0018 4.1958 0.4365 1.5548 1.0025 4.3400 0.4439 1.5242 1.0030
0.02 4.0869 0.4308 1.5810 1.0033 4.1815 0.4357 1.5593 1.0047 4.3300 0.4434 1.5268 1.0038
0.03 4.0702 0.4299 1.5862 1.0056 4.1597 0.4346 1.5652 1.0066 4.3146 0.4426 1.5316 1.0064
0.04 4.0597 0.4293 1.5895 1.0070 4.1513 0.4341 1.5676 1.0074 4.2842 0.4410 1.5390 1.0083
0.05 4.0523 0.4289 1.5922 1.0085 4.1341 0.4332 1.5721 1.0086 4.2713 0.4404 1.5416 1.0082
0.06 4.0346 0.4280 1.5963 1.0087 4.1238 0.4327 1.5756 1.0104 4.2464 0.4391 1.5484 1.0107
0.07 4.0130 0.4268 1.6026 1.0107 4.1126 0.4321 1.5780 1.0104 4.2361 0.4385 1.5508 1.0110
0.08 3.9980 0.4260 1.6072 1.0124 4.0926 0.4311 1.5839 1.0126 4.2158 0.4375 1.5556 1.0118
0.09 3.9758 0.4249 1.6125 1.0126 4.0770 0.4302 1.5883 1.0140 4.1960 0.4365 1.5611 1.0138
0.1 3.9557 0.4238 1.6180 1.0138 4.0583 0.4292 1.5934 1.0153 4.1750 0.4354 1.5667 1.0155ks: 10−10 m2 N−1; Lf: 10−10 m; Z: 106 kg m−2 s−1; RA.
The positive changes in ultrasonic velocity with
increasing solute concentration suggest possible inter-
actions between buspirone (solute) and the metal salt
solution [20]. Buspirone is a large molecule (Fig. 1), and
it has several sites for weaker and stronger interactions.
The pharmacophore molecule buspirone in an aque-
ous solution of Cu(II) and Co(II) metal ions produces
greater cohesion (associative effect) into the solution,
causing the variation in solute concentration to increase.
The increasing molecular associations in solution may
be due to favourable/cohesive water (solvent) structural
changes. The vacancies/cavities in which water clus-
ters may be occupied by buspirone molecules (solute),
which results in the formation of a relatively dense (more
packed) structure within metal ion solutions [21,22].
Density measurements also support the molecular inter-
actions. As the density is increased with increasing solute
concentration, the interactions between solvent–solvent
and solute–solvent also increase (additively) because the
available space for molecules become reduced as a larger
number of solute molecules/ions occupy the free space
in a unit volume. This represents the structure-formingability of the solute, which also depends on the solvo-
phobic or solvophilic nature of the solute. To understand
and quantitatively measure the structural changes and
molecular interactions in solutions, viscosity is also an
important parameter. It is influenced to certain extent
changes in the existing structure of solvent or solu-
tion, which produce variation in velocity and density
[13,23,24].
The viscosity data were analysed by using the
Jones–Dole equation [25]:
(ηr −  1)
c1/2
=  A  +  Bc1/2
In this equation, ηr is the relative viscosity (η/ηo), A
is the Falkenhagen coefficient, which represents the
ionic interactions, and B  is the Jones–Dole coefficient
that depends on molecular/ionic size and the nature of
solute–solvent, which are calculated from a linear plot
of (ηr − 1)/c1/2 versus c1/2 for buspirone in an aqueous
solution of Cu(II) and Co(II) metal ions at 298.15 K,
as listed in Table 5 [26,27].
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Table 3
Calculated values of free volume, Vf, internal pressure, πi, relaxation time, τ and Gibb’s free energy, G, for the mixture of buspirone drug with
Cu(II) and Co(II) metal ion solution at 298.15 K.
Drug con. (M) Metal(II) ion concentration (M)
0.1 M 0.05 M 0.025 M
Vf πi τ G Vf πi τ G Vf πi τ G
Cu(II) metal ion
0 524.60 0.9105 0.5561 0.5261 563.52 0.8914 0.5321 0.5076 604.49 0.8697 0.5149 0.49387
0.01 511.62 0.9175 0.5632 0.5314 537.42 0.9056 0.5486 0.5204 549.22 0.8968 0.5484 0.52031
0.02 503.78 0.9203 0.5699 0.5364 535.89 0.9056 0.5501 0.5216 525.38 0.9086 0.5661 0.53358
0.03 506.02 0.9185 0.5683 0.5352 528.97 0.9080 0.5558 0.5258 511.29 0.9166 0.5757 0.54064
0.04 499.32 0.9218 0.5741 0.5394 515.60 0.9146 0.5658 0.5333 505.60 0.9192 0.5806 0.54418
0.05 485.25 0.9286 0.5863 0.5483 494.18 0.9261 0.5822 0.5453 499.87 0.9227 0.5848 0.54722
0.06 462.14 0.9429 0.6056 0.5618 481.60 0.9330 0.5923 0.5525 489.10 0.9283 0.5939 0.55367
0.07 460.96 0.9424 0.6073 0.5629 461.57 0.9454 0.6089 0.5640 474.01 0.9371 0.6064 0.56235
0.08 456.42 0.9447 0.6114 0.5658 448.73 0.9541 0.6196 0.5713 473.82 0.9362 0.6074 0.56305
0.09 443.86 0.9525 0.6227 0.5734 450.92 0.9522 0.6170 0.5696 464.05 0.9429 0.6150 0.56828
0.1 417.74 0.9724 0.6465 0.5891 447.38 0.9535 0.6209 0.5722 448.59 0.9515 0.6310 0.57902
Co(II) metal ion
0 540.31 0.8979 0.5515 0.5226 549.05 0.8961 0.5472 0.5193 556.46 0.8917 0.5498 0.52135
0.01 523.77 0.9068 0.5621 0.5305 530.38 0.9065 0.5583 0.5277 511.67 0.9171 0.5801 0.54383
0.02 500.38 0.9198 0.5790 0.5430 520.94 0.9112 0.5654 0.5330 505.27 0.9193 0.5862 0.54818
0.03 497.44 0.9210 0.5814 0.5447 500.27 0.9228 0.5808 0.5443 494.95 0.9251 0.5946 0.55412
0.04 485.98 0.9270 0.5914 0.5518 487.90 0.9289 0.5918 0.5521 489.97 0.9276 0.5979 0.55644
0.05 474.77 0.9330 0.6018 0.5591 483.32 0.9306 0.5959 0.5550 479.97 0.9320 0.6073 0.56298
0.06 459.02 0.9418 0.6160 0.5689 464.65 0.9419 0.6126 0.5666 478.07 0.9329 0.6084 0.56374
0.07 454.65 0.9442 0.6197 0.5714 443.95 0.9543 0.6328 0.5801 465.74 0.9392 0.6203 0.57189
0.08 449.13 0.9471 0.6251 0.5751 429.87 0.9640 0.6464 0.5891 467.51 0.9366 0.6191 0.57103
0.09 442.59 0.9501 0.6314 0.5793 425.14 0.9664 0.6516 0.5924 444.77 0.9516 0.6400 0.58311
0.1 426.73 0.9607 0.6470 0.5895 473.39 0.9313 0.6068 0.5626 428.39 0.9627 0.6562 0.59538
Vf: 10−6 m3 mol−1; πi: 106 N m−2; τ: 10−12 s; G: 10−20 kJ mol−1.
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TThe Jones–Dole equation usually expresses the vari-
tion of ηr with concentration, and observed values of
he viscosity coefficients support the structure-making
ehaviour (additive interaction). The A  coefficient is
ither negative or positive, whereas the B  coefficient
as positive values for all the systems, indicating
trong ion solvent interaction that introducing order
n the system. This also indicates that metal ions
n the systems disturb/reorient the existing solvent
tructure and form thermodynamically and kinetically
ore stable arrangements over the whole concentration
ange [28,29].
The values of isentropic compressibility (Ks) decrease
ith increasing concentration of buspirone in the aque-
us solution of Cu(II) and Co(II) ions (Fig. 2). This may
appen due to the accumulation of solvent molecules
round the solute molecules (solvation). Similar results
or intermolecular free length (Lf) suggest that strong
nteractions occur between solute and solvent (Fig. 3).
his can be attributed to denser packing of molecules in
Fig. 2. Plot representing variation in isentropic compressibility (Ks)
versus concentration (M) for different concentrations of buspirone drug
solution with (a) 0.1 M, 0.05 M and 0.025 M Cu(II) & (b) 0.1 M, 0.05 M
and 0.025 M Co(II) metal ion aqueous solution.
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Table 4
Calculated values of attenuation coefficient, α, Rao’s constant, Rm, and Wada’s constant, w, for the mixture of buspirone drug with Cu(II) and Co(II)
metal ion solution at 298.15 K.
Drug con. (M) Metal(II) ion concentration (M)
0.1 M 0.05 M 0.025 M
α Rm w α Rm w α Rm w
Cu(II) metal ion
0 43.947 0.2080 820.174 42.049 0.2066 819.098 40.6878 0.2062 824.179
0.01 44.505 0.2086 819.527 43.353 0.2067 818.479 43.3407 0.2068 824.886
0.02 45.040 0.2093 821.743 43.476 0.2071 819.299 44.7366 0.2074 826.830
0.03 44.912 0.2095 821.800 43.921 0.2076 820.940 45.4979 0.2076 826.432
0.04 45.371 0.2098 822.678 44.709 0.2082 822.114 45.8834 0.2079 827.117
0.05 46.337 0.2106 824.961 46.008 0.2088 823.467 46.2177 0.2079 826.651
0.06 47.859 0.2110 825.616 46.811 0.2093 824.351 46.9358 0.2083 827.726
0.07 47.992 0.2115 826.842 48.117 0.2097 824.740 47.9193 0.2087 828.269
0.08 48.320 0.2119 827.451 48.964 0.2100 824.298 47.9994 0.2091 829.455
0.09 49.209 0.2123 828.056 48.763 0.2101 823.975 48.6023 0.2091 828.449
0.1 51.087 0.2124 826.525 49.065 0.2106 825.168 49.8658 0.2099 831.127
Co(II) metal ion
0 43.584 0.2089 826.438 43.240 0.2073 824.787 43.4489 0.2066 829.186
0.01 44.418 0.2093 826.185 44.119 0.2075 823.716 45.8457 0.2067 828.129
0.02 45.756 0.2097 826.576 44.682 0.2078 824.341 46.3237 0.2073 830.044
0.03 45.946 0.2100 826.927 45.896 0.2082 824.745 46.9863 0.2075 830.323
0.04 46.734 0.2104 828.255 46.765 0.2088 826.653 47.2473 0.2078 830.347
0.05 47.554 0.2109 829.669 47.094 0.2093 827.814 47.9909 0.2086 832.642
0.06 48.681 0.2116 831.417 48.411 0.2096 828.843 48.0781 0.2088 832.465
0.07 48.970 0.2119 831.587 50.004 0.2104 831.132 49.0237 0.2095 834.652
0.08 49.403 0.2123 832.428 51.080 0.2107 831.376 48.9228 0.2101 835.895
0.09 49.898 0.2130 833.847 51.495 0.2111 832.384 50.5763 0.2104 836.321
0.1 51.129 0.2134 834.674 47.950 
α: 10−12 Hz; Rm; w: 10−6.
Fig. 3. Plot representing variation in intermolecular free length (Lf )
versus concentration (M) for different concentrations of buspirone drug
solution with (a) 0.1 M, 0.05 M and 0.025 M Cu(II) & (b) 0.1 M, 0.05 M
and 0.025 M Co(II) metal ion aqueous solution.0.2116 833.294 51.8534 0.2108 836.865
the system, which causes an increase in ultrasonic veloc-
ity and suggests a structure-making situation (additive).
The behaviour of acoustic impedance (Z) may be respon-
sible for the propagation of ultrasonic waves. The values
of specific acoustic impedance increase with increasing
concentration (Fig. 4), which is quite similar to the trends
for ultrasonic velocity. The increase in Z  suggests strong
solute–solvent interactions through hydrogen bonding
[30].
Table 5
Coefficients of Jones–Dole equation for buspirone in 0.1 M, 0.05 M and
0.025 M aqueous solution of Cu(II) and Co(II) metal ions at 298.15 K.
Metal ion concentration (M) A B
Drug (0.01 M–0.1 M) + Cu(II) metal ion
0.1 −0.26096 2.7855
0.05 −0.17246 2.84453
0.025 0.05943 2.24809
Drug (0.01 M–0.1 M) + Co(II) metal ion
0.1 0.05039 1.89105
0.05 −0.73915 4.73999
0.025 −0.19882 2.85445
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Fig. 4. Plot representing variation in specific acoustic impedance (Z)
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Fig. 6. Plot representing variation in free volume (Vf ) versus concen-
tration (M) for different concentrations of buspirone drug solution withersus concentration (M) for different concentrations of buspirone drug
olution with (a) 0.1 M, 0.05 M and 0.025 M Cu(II) & (b) 0.1 M, 0.05 M
nd 0.025 M Co(II) metal ion aqueous solution.
The relative association (RA) is influenced either by
he breaking-up of solvent structures upon addition of
olutes or the relative solvation of solutes. The former
esults are observed as a decreasing trend, and the latter
esults are observed as an increasing trend in the value
f relative association (RA). The RA values show positive
hanges with increasing concentration and are slightly
reater than one. It may be suggested that the solvation of
he solutes predominates over the breaking-up of the sol-
ent structure. At very low concentrations, the observed
ecreasing trend is due to the breaking up of the sol-
ent structure upon addition of buspirone (Table 2). The
ig. 5. Plot representing variation in Relative association, (RA) versus
oncentration (M) for different concentrations of buspirone drug solu-
ion with (a) 0.1 M, 0.05 M and 0.025 M Cu(II) & (b) 0.1 M, 0.05 M
nd 0.025 M Co(II) metal ion aqueous solution.(a) 0.1 M, 0.05 M and 0.025 M Cu(II) & (b) 0.1 M, 0.05 M and 0.025 M
Co(II) metal ion aqueous solution.
increasing values of RA with increasing concentration
suggest that solvation of solutes is more dominant over
the breaking of the solvent structures (Fig. 5) [31,32]
The values of free volume (Vf) decrease with
increasing solute concentration, with slight deviations
(Fig. 6). Higher values of free volume indicate weaker
solute–solvent interaction and vice versa. The internal
pressure (πi) values decrease at lower concentration of
solutes and increase at higher concentration of solutes
(Fig. 7). The decrease may be due to the loosening of
cohesive forces, which leads to the breakdown of solvent
structure. The increase suggests the strengthening of
Fig. 7. Plot representing variation in internal pressure (πi) versus con-
centration (M) for different concentrations of buspirone drug solution
with (a) 0.1 M, 0.05 M and 0.025 M Cu(II) & (b) 0.1 M, 0.05 M and
0.025 M Co(II) metal ion aqueous solution.
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Fig. 8. Plot representing variation in relaxation time (τ) versus con-
centration (M) for different concentrations of buspirone drug solution
[
[
[
[
[
A.B. Sawant, Densities, viscosities, speeds of sound, FT-IR
1with (a) 0.1 M, 0.05 M and 0.025 M Cu(II) & (b) 0.1 M, 0.05 M and
0.025 M Co(II) metal ion aqueous solution.
cohesive forces, which may be due to the formation
of solvent structure. The values of viscous relaxation
time (τ) and Gibb’s free energy (G) increase with
increasing solute concentration, which shows that the
molecular interactions occurring between solute and
solvent molecules become stronger (Fig. 8). The Gibb’s
free energy (G) values suggest that denser systems
of molecules form due to the H-bonding between
molecules in the solutions (Table 3). The Rao’s constant
(Rm), Wada’s constant (w) and attenuation coefficient
(α) also show increasing trends with increasing solute
concentration. This may be due to the presence of
more molecules/ions in the same region, which leads
to compact packing of the medium, thus increasing the
interactions (Table 4) [33].
5.  Conclusions
A sequential study of ultrasonic velocity, density and
viscosity for systems containing buspirone hydrochlo-
ride in aqueous solutions of cobalt(II) and copper(II)
metal ions has been performed over a large concentration
range. The acoustical data provides important informa-
tion about solute–solvent interactions in solutions. From
the experimental findings, different parameters, viz. Ks,
Lf, Z, RA, Vf, πi, τ, G, α, Rm, w, the Falkenhagen
coefficient, A, the Jones–Dole coefficient, and B  have
been evaluated, and the results indicate the existence of
solute–solvent (hydrophilic-ionic group) interactions in
these mixtures, which increase with increasing buspirone
hydrochloride concentration.ity for Science 11 (2017) 101–109
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